Introduction
Large Photovoltaic Solar Power Plants (LPVPPs) and Very Large Photovoltaic Solar Power Plants (VLPVPPs) are the [12] . This is the second main validation and verification research objective and motivation of the current study and its publication. . The PVPPs' technical performances differ greatly in different regions of the World. Hence, validation and verification research efforts of them on some software programs and their publications are worthwhile (PVPPs). This research focuses on the Greenough River Solar Farm with 152.000 fixed tilt First Solar Series 3 Black modules [12, 23] in the south west of Western Australia. This solar farm has been included as one aspect of the previous publications regarding the potential for renewable energy in the south west of Western Australia [24, 25] . This is the third main validation and verification research objective and motivation of the current study and its publication. There is an expansion plan of the Greenough River Solar Farm from 10 MWAC to 40 MWAC. The investment risks can be minimized with some meticulous research studies in every aspect of the Greenough River Solar Farm with its current 10 MWAC capacity. Moreover, the authors have an ongoing research study to design a VLPVPP in the same location of the Greenough River Solar Farm as its expansion to thousands of megawatts (e.g. 1000 MWAC, 2000 MWAC). The minimization of costs and risks and the maximization of electricity generation in this VLPVPP are crucial (start investing with 10 MWAC and expand investing to 1000 MWAC, 2000 MWAC and so on). This is the fourth main validation and verification research objective and motivation of the current study and its publication. In conclusion, as it might shortly be presented at the end of this section, there are 7 major validation and verification research objectives, motivations, and contributions of this study and its paper. These objectives, motivations, and contributions are basically its representation capability of a validation and verification effort for the PVWatts V5 model on the NREL SAM Version 2017.9.5 Revision 2, SSC Version 180, its representation capability of the First Solar Series 3 Black technology with a fixed tilt application in the south west of Western Australia (Greenough River Solar Farm), its contribution to the research and development efforts of VLPVPPs on a global scale, its contribution to the research and development efforts of the Global Grid Prediction Systems (G 2 PS), the Global Grid Electricity Demand Prediction System (G 2 EDPS), and the Global Grid Peak Power Prediction System (G [26] [27] [28] [29] , and finally its contribution to the research efforts on climate change.
Greenough River Solar Farm
The Greenough River Solar Farm is a joint venture business model between Synergy and GE Energy Financial Services (General Electric). The Greenough River Solar Farm was constructed between April 2012 and July 2012. The first First Solar's CdTe thin-film PV modules were installed on 12 April 2012. The installation of all panels was finalized in July 2012. The commissioning of the Greenough River Solar Farm took one month (late July 2012 to late August 2012). It was officially opened in October 2012 [23] .
Location
Greenough River Solar Farm (10,00 MW, Planned Expansion: 40,00 MW) on Google Earth Pro 7.1.5.1557 [30] are as follows (open Greenough River Solar Farm.kmz) ( Figure 1 ): Latitude & Longitude: 28°54'22.71"S, 115° 6'54.59"E; 28°54'6.38"S, 115° 6'54.80"E; 28°54'6.14"S, 115° 6'28.51"E; 28°54'11.90"S, 115° 6'28.47"E; 28°54'11.92"S, 115° 6'30.42"E; 28°54'22.25"S, 115° 6'30.49"E. 
Weather file resource (Model)
The NREL SAM requires a weather data file to describe the renewable energy resource and weather conditions at a project location. [34] . The tavg1_2d_slv_Nx dataset provides hourly temperature and pressure data (also wind data at 50 meter height, which makes it suitable for input to the NREL SAM wind model). The tavg1_2d_rad_Nx dataset provides surface incoming shortwave flux (SWGDN variable) which can be used as a proxy for the Global Horizontal Insolation (GHI) [35, 36] . Using routines from the NREL, it is possible to calculate the Direct Normal Insolation (DNI) [37] and the Direct Horizontal Insolation (DHI) [38] from the GHI. This enables solar weather files to be created for input into the various NREL SAM solar models, specifically pvwattsv5. A Python program, makeweatherfiles.py, has been created to enable the NREL SAM weather files to be created from downloaded the NASA MERRA-2 files. It is available for download in the same way as getmerra2.py. The area of the appropriate NASA MERRA-2 cell of the Greenough River Solar Farm is presented in Figure 2 . The weather file information is presented on the NREL SAM Version 2017.9.5 as shown in Figure 3 Table 2 ). The exact total number of panels cannot be found in any data and information sources, but it should be nearly 152.000 (e.g. 152.800, 152.000, 150.000) [12, 23, 39] . The FS Series 3 thin-film PV modules with cadmium telluride (CdTe) semiconductors have 5 different models with different panel efficiencies (FS-382: 11.50%, FS-385: 11.80%, FS-387: 12.20%, FS-390: 12.50%, FS-392: 12.80%) [40] . The FS Series 3 thin-film PV modules were introduced to the market in late 2013 [41] . There are SMA Sunny Central 720CP central inverters at the Greenough River Solar Farm [42, 43] . The SMA 720 kW central inverter efficiencies are found as 98.60%; 98.40%; 98.00% for the maximum efficiency, the European weighted efficiency and the CEC efficiency in the catalog of the SMA Sunny Central 720CP-US [44] . The inverters have been de-rated to 648 kW for system management reasons by giving an efficiency value of 90%. The model on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 and actual system parameters are given in Table 2 and Table 3 . As a consequence, there is a model on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 and actual (real life) observation major mismatch in this section, due to the system configuration and the equipment properties. 
System parameters

Orientation
The Greenough River Solar Farm in its current capacity and system configuration is a ground mount fixed tilt facility [12, 43] . Due to the strong winds experienced in the area a lower than the normal tilt angle of 20 degrees is chosen for the installation (personal communication). Some important design elements on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 about the orientation are as follows:  "The array's tilt angle in degrees from horizontal, where zero degrees is horizontal, and 90 degrees is vertical and facing the equator (in both the southern and northern hemispheres." [45]  "Azimuth, degrees: For systems north of the equator, a typical azimuth value would be 180 degrees. For systems south of the equator, a typical value would be 0 degrees." [45] The model on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 and actual (real life) system parameters are presented in Table 4 . There is a high possibility of the model and actual (real life) observation major mismatch in the orientation. 
Losses
The system losses of the PVWatts Version 5 model of the NREL SAM Version 2017.9.5 are soiling loss, shading loss, snow loss, mismatch loss, wiring loss, connections loss, light-induced degradation loss, nameplate rating loss, age loss, and availability loss. The short explanations of these system losses are as follows:  Soiling Loss: "due to dust, dirt, and other foreign matter on the surface of the PV module that prevent solar radiation from reaching the cells" [45]  Shading Loss: "Reduction in the incident solar radiation from shadows caused by objects near the array such as buildings or trees, or by self-shading for fixed arrays or arrays with two-axis tracking. For fixed arrays or arrays with two-axis tracking that consist of multiple rows of modules, you can use the table below to choose a loss percentage to represent self-shading (losses that occur when modules in one row cause shadows on those in an adjacent row). Industry practice is to optimize the use of space by configuring the PV system for a GCR that corresponds to a shading derate factor of 0.975 (2.5% loss)." (see Figure 4) [45] Figure 4 . Shading derate factor versus ground cover ratio (GCR) for different tracking options and tilt angles (drawn, redrawn, generated and regenerated based on source PowerLight Corp. on [45] cause by scheduled and unscheduled system shutdown for maintenance, grid outages, and other operational factors." [45] The soiling loss value of the Greenough River Solar Farm is determined based on some information on some specific documents such as "soiling: <%3/yr", and "monthly average actual measured soiling 0.31%" [46, 47] . This loss is mainly a PV panel technology, PV power plant site and PV power plant design specific loss. The shading loss value of the Greenough River Solar Farm is determined in accordance with the SAM help manual ("Shading Loss" and Figure 4 ). The ground coverage ratio (GCR) is estimated based on the measurements on the Google Earth Pro 7. [48, 49] . Hence, the shading derate factor is read on the fixed 20 degree tilt curve from Figure 4 as 0,99 for the GCR of 0.4231. This loss is mainly a PV panel technology, PV power plant site and PV power plant design specific loss. The snow loss value of the Greenough River Solar Farm is determined according to the climatic conditions of the precipitation and the snowfall of Geraldton and Mullewa in Western Australia [50] [51] . This loss is mainly a PV panel technology, PV power plant site and PV power plant design specific loss.
The mismatch loss value of the Greenough River Solar Farm is determined based on some information on some specific documents such as "1.0 % First Solar module performance guidance" [47] . This loss is mainly a PV panel technology specific loss. The wiring loss value of the Greenough River Solar Farm is determined according to the general PV literature and on some information on some specific documents "DC Wiring derating factor: 0.98" and "AC Wiring derating factor: 0.99" [47, [52] [53] [54] . This loss is mainly a PV power plant site and PV power plant design specific loss. The connections loss value of the Greenough River Solar Farm is determined according to the general PV literature and on some information on some specific documents [47, [52] [53] [54] . This loss is mainly a PV power plant site and PV power plant design specific loss. The light-induced degradation loss value of the Greenough River Solar Farm is determined according to the general PV literature and the catalogs of the First Solar Series 3 PV modules [41, [55] [56] [57] [58] [59] [60] . This loss is mainly a PV panel technology specific loss. The nameplate rating loss value of the Greenough River Solar Farm is determined according to the general PV literature and on some information on some specific documents [42, 60, 61] . This loss is mainly a PV panel technology specific loss. The age loss value of the Greenough River Solar Farm is determined according to the general PV literature and the catalogs of the First Solar Series 3 PV modules [41, [55] [56] [57] [58] [59] [60] . The availability rating loss value of the Greenough River Solar Farm is determined according to the Verve Energy documents "Greenough River Solar Farm Pty Ltd, a joint venture partnership between Verve Energy and GE Energy Financial Services", and "Plant availability has been > than 99%" [42, 61] . This loss is mainly a PV panel technology, PV power plant site, PV power plant design and all other issues specific loss. There are 6 models related to the losses on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 in this study. These 6 models are the "SAM Default Value Case (%)", the "Most Possible Value Case (%)", the "Reasonable Minimum Value Case (%)", the "Reasonable Maximum Value Case (%)", the "Case More Or Less According To Personal Communication (%)", and the "Case According To Total System Losses (%)". These 6 models and the losses on the PVWatts V5, NREL SAM Version 2017.9.5 Revision 2 are presented in Table 5 . The models and actual (real life) observations major mismatch is expected in the losses issues.
Results and Discussion
The annual output data of the Greenough River Solar Farm is 22.000 MWh for the first 12 months period [42] . The annual output data of the Greenough River Solar Farm between 2013 and 2017 are gathered from the official records [63] .
Actual Generation
The generation data in the form of Supervisory Control and Data Acquisition (SCADA) generation quantity is publicly available for all generation units in the South West Interconnected System (SWIS) of south-west Western Australia. The data is available as monthly comma separated variable (*.csv) files for half hourly trading intervals [64] . The data for the Greenough River Solar Farm is identified with a facility code of GREENOUGH_RIVER_PV1. The generation data has been aggregated into monthly figures with the exception of February 29, 2012 and 2016 as the NREL SAM works on a 365 day (8.760 hours). 
c Total system losses: The readers may use the value of this total system losses input in their scientific, engineering and commercial analysis in accordance with the assumptions, inputs, results, and findings of this study.
Simulations
There is a single NREL SAM Version 2017.9. Table 6, Table 7, Table 8 .
SAM results and actual generation comparisons
In comparing model outputs from the NREL SAM to actual generation data one needs to take into account the actual system design and implementation decisions that are not covered by the model. In the case of the Greenough River Solar Farm, the system has a 10,00 MW export limit at the point of connection to the grid. However. to guarantee energy production the number of modules has been adjusted. To ensure the export limit is not exceeded the inverters have been "de-rated" to about 90% of their capacity. To cater for this in the modeling the SAM models have been run with an inverter efficiency of 90,00% [64] . Under this important circumstance. the simulation results are gathered and compared with only a few forecast accuracy metrics (i.e. The TSL simulation and actual generation comparison of the Greenough River Solar Farm is given for a few forecast accuracy metrics in this paragraph (see Table 9 and Table  10 ). Others may be reviewed in the electronic supplementary There is no seasonal prediction accuracy observed in this study. Table 11 summarizes the comparisons between actual generation and calculated generation and the degree of "fit" between both datasets on an hourly basis. Overall, there is a strong correlation between both datasets. The average correlation for the full datasets is 0.964. Removing all figures where both sets of data are zero, that is, removing nongenerating hours, gives an average correlation of 0.928 (R 2 : 0.860), which is still very strong. The average calculated generation is also of the same magnitude as the actual generation. Figure 6 is a scatter plot for 2017, showing the reasonably good fit between calculated and actual generation. These figures suggest the dataset and usage of the NREL SAM models are useful in evaluating the potential for PV generation in the south west of Western Australia (region nearby the Greenough River Solar Farm). 
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Conclusions and Future Research Studies
This initial research study presents the first validation and verification effort of the PVWatts V5 model on the NREL SAM Version 2017.9.5 Revision 2, SSC Version 180 performance models at the Greenough River Solar Farm like SEGS VI, Topaz Solar Farm and Solar Star Projects [2, 68] . There are some strengths and weaknesses of this research study. Some of the strengths are related to the information gathered for the modelling during this research study and using one of the most applied modelling tools and algorithms.
Some of the weaknesses are related to the unavailable field losses data such as mismatch (%) and the weather source data. The novelty of the obtained results in this research study is its presentation of the simulation and actual PVPP generation values and the values of the forecast accuracy metrics not only on an annual basis, but also the whole operational period of a PVPP with its uniqueness of being the first validation and verification research effort of the PVWatts V5 model on the NREL SAM Version 2017.9.5 Revision 2, SSC Version 180 performance models at the Greenough River Solar Farm (the first research study), and also being the first validation and verification research effort of a PVPP in the south west of Western Australia region of the World (the first research study) with different expert evaluations on the system losses by the first usage of NASA MERRA-2 dataset (the first research study) on two different PCs (the first research study). The best simulation performed absolute model/actual model is TSL with a deviation of 1.9%, which is almost excellent forecast estimation. Also, an interesting contribution of this research study is in the research, development, demonstration and deployment (RD 3 ) efforts of VLPVPP on the World and also the G In the next research studies, the system management and configuration and also the hourly generation data of the Greenough River Solar Farm will be tried to be found from the operators, and owners, the planned expansion (40 MW) power plant will be modelled and future generation figures will be forecast or projected to guide the investors. The detailed photovoltaic (PV) model in the latest NREL SAM version will be studied and run to compare this model. The core aim of all of these efforts is for researching and developing an autonomous and automatic design tool on Geographic Information Systems (GIS) by an artificial intelligence approach at the end.
